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(54) [Title of the Invention] Method of Manufacturing 
Thin-Film Transistor 



(57) [Abstract] 

[Object] The present invention provides a method of 

* 

manufacturing a thin-film transistor capable of large- 
area impurity doping at a low processing temperature by 4 
using an organic coating that contains at least dopant 
and an organic solvent. 

[Construction] As shown in Fig. 1 (a) , an amorphous 
semiconductor layer and an insulator film 3 are formed on 
a light-transmissive substrate 1. Then, as shown in Fig. 
1 (b) , a gate electrode 4 is formed, and the insulator 
film is removed in the shape of the gate electrode. 
Subsequently, as shown in Fig. 1 (c) , an organic coating 5 
that contains dopant is formed, which is then- radiated 
with an energy beam from the back of the substrate. 
Finally, as shown in Fig. 1 (d) , the' organic coating is 
selectively removed to form source and drain electrodes 7, 
thereby forming polycrystalline thin-film transistor. 
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[Claims] 

[Claim 1] A method of manufacturing a thin-film 

transistor, comprising the steps of: forming a 

semiconductor thin film on a light-transmissive 
substrate; forming a dopant film by applying a solution 
containing at least impurities to be a donor or an 
acceptor and an organic solvent onto the semiconductor 
thin film and then drying the coating; and radiating an 
energy beam onto the substrate from the surface of the 
substrate facing the surface on which the semiconductor 
thin film is formed . 

[Claim 2] A method of manufacturing a thin-film 

transistor, comprising the steps of: forming a gate 
electrode on a light-transmissive substrate; forming a 
gate insulator film and a semiconductor thin film on the 
gate electrode; forming a dopant film by applying a 
solution containing at least impurities to be a donor or 
an acceptor and an. organic solvent onto the semiconductor 
thin film and then drying the coating; and radiating an 
energy beam onto the semiconductor thin film from the 
surface of the substrate facing the surface on which the 
semiconductor thin film is formed. 

[Claim 3] The method of manufacturing a thin-film 

transistor according to Claim 1 or 2, wherein a laser 
beam is used as the energy beam. 



[Claim 4] The method of manufacturing a thin-film 

transistor according to Claim 1 or 2, wherein the 

semiconductor thin film is a non-monocrystal 

semiconductor with silicon as the main component. 

[Claim 5] The method of manufacturing a thin-film 

transistor according to Claim 2, wherein the optical 

energy band width of the gate electrode film is larger 

than that of the energy beam. 

[Detailed Description of the Invention] 

[0001] 

[Industrial Field of Application] •* The present invention 
relates to a method of manufacturing a thin-film 
transistor which facilitates large-area impurity doping 
at a low processing temperature and, in particular, it 
relates to a method of manufacturing a thin-film 
transistor applicable to a liquid-crystal display device 
using an active matrix array in which thin-film 
transistors are integrated in matrix form, an image 
sensor, a three-dimensional integrated circuit, a 
semiconductor memory, and so forth. 
[0002] 

[Prior Art] A method of manufacturing an active matrix 
array for a liquid-crystal display in which thin-film 
transistors are integrated in matrix form will be 
described by way of example. 
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[0003] Conventionally, semiconductor active layers of 
thin-film transistors used in liquid-crystal display 
semiconductor devices have principally' been made of 
amorphous silicon which can be grown over a large area at 

a relatively low temperature of the order of 300°C. 
However, the amorphous silicon thin-film transistors have 
low electric-field effect mobility, so that it is 
difficult to form driving circuits for the thin- film 
transistor array on the same substrate. Accordingly, 
research on a polycrystalline silicon thin-film 

Hi 

transistor has been made actively which has higher 
electric-field effect mobility than that of amorphous 
silicon, thus allowing having driving circuits on the 
same substrate. 

[0004] Fig. 3 includes schematic sectional views of an 
example of an n-channel polycrystalline silicon thin-film 
transistor, showing a method of the same. 

[0005] As shown in Fig. 3(a), amorphous silicon is 
deposited on a quartz substrate 1 by low-pressure 
chemical vapor deposition (LP-CVD) , which is then 

annealed at a temperature of the order of 600°C for a few 
to a few tens of hours to be, deposited in solid phase, 
thereby forming a polycrystalline silicon thin film 2A. 
Then, the polycrystalline silicon thin film 2A is 
thermally oxidized at about 1000°C to form a thermally 



oxidized film serving as a gate insulator film 3 . 
[0006] Subsequently, as shown in Fig. 3(b), a gate 
electrode 4 is formed of pol ycrystalline silicon and so 
on. After the gate electrode has been formed, the gate 
insulator film is removed in the same shape as that of 
the gate electrode, and phosphor (P) is doped therein by 
ion implantation in a self alignment manner to form an 
impurity doped region 8, as shown in Fig. 3(c) . Finally, 
as shown in- Fig. 3(d), source and drain regions 7 are 
formed via an interlayer insulator film 6 to complete an 

■ 

n- channel pol ycrystalline silicon thin- film transistor . 
[0007] 

[Problems that the Invention Is to Solve] The method of 
manufacturing a polycrystalline silicon thin-film 
transistor shown in Fig . 3 adopts ion implantation to 
form source and drain regions. In order to perform - 
doping by ion implantation, a thermally oxidized film and 
so forth is first formed, the part of which to be doped 
with impurities is selectively opened by photo-etching, 
to which impurity ions are implanted, and then it is 

annealed at a high temperature of the order of 1000°C to 
activate the implanted impurities. The use of the ion 
implantation, as described above, complicates the process 
of manufacture and requires an expensive ion implanter . 
[0008] In the case of ion implantation into a large-area 
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substrate, it is necessary to scan across the large area 
with ion beams, decreasing throughput. Also, the use of 
insulating substrates such as a quartz substrate requires 
using electron shower and so on at the same time to 

t 

prevent the charge-up of the substrate. 

[0009] The present invention has been made in light of 
such circumstances, and has as an object the provision of 
a method of manufacturing a thin-film transistor which 
facilitates large-area impurity doping at a low 
processing temperature . 

[0010] 

[Means for Solving the Problems] In order to solve the 
foregoing problems, the invention provides a method of 
manufacturing a thin-film transistor by doping impurities 
into a semiconductor thin film. The method includes the 
steps of:. forming a semiconductor thin film on a light- 
transmissive substrate; forming a dopant film by applying 
a solution containing at least impurities to be a donor 
or an acceptor and an organic solvent onto the 
semiconductor thin film and then drying the coating; and 
radiating an energy beam onto the substrate from the 
surface of the substrate facing the surface on which the 
semiconductor thin film is formed. 

[0011] Alternatively, the invention provides a method of 
manufacturing a thin-film transistor by doping impurities 



7 



into a semiconductor thin film. The method includes the 
steps of: forming a gate electrode on a light- 

transmissive substrate; forming a gate insulator film and 
a semiconductor thin film on the gate electrode; forming 
a dopant film by applying a solution containing at least 
impurities to be a donor or an acceptor and an organic 
solvent onto the semiconductor thin film and then drying 
the coating; and radiating an energy beam onto the 
semiconductor thin film from the surface of the substrate 
facing the surface on which the semiconductor thin film 
is formed. 
[0012] 

[Operation] According to the above-described method of 
the invention, a semiconductor thin film is heated by 
energy beam radiation, so that the impurities in the 
dopant film are doped into the semiconductor thin film 
and activated to form an impurity doped region . 
[0013] When energy beams are radiated from the top of 
the dopant film, the energy beams are absorbed in the 
dopant film, so that the dopant film is sometimes 
dispersed or the impurities are sometimes doped 
insufficiently into the semiconductor film. On the other 
hand, when energy beams are radiated from th,e back of the 
substrate, the energy beams are absorbed mainly in the 
semiconductor thin film, so that the dispersion of dopant 
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film and so on does not occur. Also, since the coating 
is used as the dopant film, large-area doping is easy to 
perform, and since a non-light-transmissive metal 
electrode is formed between the semiconductor thin film 
and the surface of the substrate, it serves as the mask 
from the energy beams, allowing selective impurity doping. 
[0014] 

[Embodiments] Embodiments of the invention will be 

described with reference to the drawings. 

[0015] Fig. 1 shows an embodiment of a method of 
manufacturing a thin-film transistor according to a first 
invention. As shown in .Fig. 1(a), an amorphous silicon 
thin film 2 is formed on a light-transmissive substrate 1 
such as a quartz substrate by LP-CVD^ which is then 
etched into the form of an island, and on which an 
insulator film 3 is formed. . . . ... 

[0016] As shown in Fig. 1(b), a gate electrode 4 is 
formed, and an insulator film 3 on the amorphous silicon 
thin film 2 to be doped with impurities with the gate 
electrode 4 as mask is removed selectively. 

[0017] As shown in Fig. 1(c), a solution containing at 
least phosphor (P) and an organic solvent is applied on 
the thin film that is processed in the shape of Fig. 1(b), 
which is then dried to form an organic coating 5. Then, 
an energy beam (XeCl excimer laser: 308 nm in wavelength) 
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is radiated from the surface of the substrate (the back 
of the substrate) facing the surface on which the 
semiconductor thin film is formed. 

[0018] When the semiconductor thin film is heated by the 
radiation of the energy beam, the impurities in the 
organic coating 5 are doped into the amorphous silicon 
thin film 2 and activated to form an impurity doped 
region 8, and at the same time, also the semiconductor 
thin film is annealed, thereby forming a pblycrystalline 
silicon thin film 2A. 

[0019] Finally, as shown in Fig. 1(d), after the organic 
coating 5 has been removed selectively, source and drain 

-L 

electrodes 7 are formed via an interlayer insulator film 
6, thereby completing a thin-film transistor. 
[0020] The use of the manufacturing method of the 
embodiment facilitates large-area impurity - doping . This 
requires no special systems . such as an ion implanter and 
a photo-etching system as in other impurity doping 
methods, reducing manufacturing cost, because the coating 
itself is inexpensive. Furthermore, the semiconductor 
thin film can be annealed at the same time as impurity 
doping, improving the characteristics and simplifying the 
process . 

[0021] Fig. 2 shows an embodiment of a method of 
manufacturing a thin-film transistor according to a 
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second invention. As shown in Fig. 2 (a) , the gate 
electrode 4 is formed on the light-transmissive substrate 
1, on which the gate insulator film 3 and an amorphous 
silicon thin film are formed by LP-CVD, and the amorphous 
silicon thin film is polycrystallized by heat treatment 
to form the polycrystalline silicon thin film 2A. 
[0022] As shown in Fig. 2(b), a solution containing at 
least phosphor (P) and an organic solvent is applied and 
dried to form the organic coating 5. Then, an energy 
beam (XeCl excimer laser: 308 nm in wavelength) is 
radiated from the surface of the substrate (the back of 
the substrate) facing the surface on which the 
semiconductor thin film is formed. The semiconductor 
thin film is heated by- the radiation of the energy beam, 
so that the impurities in the coating are doped into the 
polycrystalline silicon thin film 2A and activated to 
form the impurity doped region 8. At that time, the gate 
electrode 4 serves as. the mask for the energy beam 
because it is a non-light-transmissive thin film, 
allowing the impurities to be doped in a self -alignment 
manner into a region where no gate electrode 4 is present. 
The optical energy band width of the gate electrode is 
larger than that of the energy beam. 

[0023] Finally, as shown in Fig. 2(c), after the coating 
has been removed selectively, the polycrystalline silicon 
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thin film 2A is etched in the form of an island to form 
the source and drain electrodes 7, thereby completing a 
thin-film transistor. 

[0024] As has been described, the embodiment facilitates 
large-area impurity doping., simplifying the manufacturing 
process. Furthermore, since a material that transmits no 
energy beam is used as the gate electrode, the channel is 
protected by the gate electrode, facilitating 
manufacturing a self-alignment thin-film transistor to 
achieve a high-performance thin-film transistor. 
[0025] Although not described in the embodiments, n- and 
p-type impurity doping can be made by changing the 
impurities in the organic coating, allowing n-channel and 
p-channel_ thin-film transistors to be produced. Although 
a laser beam is used as energy beam in the embodiments, 
other energy beams except the laser beam have the same 
advantages, so that a UV lamp, infrared light, and so 
forth can be used. 
[0026] 

[Advantages of the Invention] Adopting the manufacturing 
method of the invention allows manufacturing a large-area 
impurity semiconductor layer at a low temperature and at. 
low cost, permitting the use of inexpensive substrate 
material such as glass. Furthermore, the impurity doping 
and the annealing of the semiconductor active layer can 
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be performed at the same time by the radiation of an 
energy beam, simplifying the process of manufacturing a 
thin-film transistor to increase the throughput. This 
decreases the manufacturing and system cost. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 includes schematic sectional views of 
the processes of an embodiment of a method of 
manufacturing a thin-film transistor according to a first 
invention. 

[Fig. 2] Fig. 2 includes schematic sectional views of 
the processes of an embodiment of a method of 
manufacturing a thin-film transistor according to a 
second invention. 

[Fig. 3] Fig. 3 includes schematic sectional views of a 
prior-art thin-film transistor. 

[Description of' the Reference Numerals] 

1: quartz substrate 

2: amorphous silicon 

2A: polycrystalline silicon 

3: gate insulator film 

4: gate electrode 

5: organic coating 

6: interlayer insulator film 

7: source and drain electrodes 

8: impurity doped region 
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[FIG. 1] 

1: light-transmissive substrate 

2: amorphous silicon 

2A: polycrystalline silicon 

3: insulator film (gate insulator film) 

4: gate electrode 

5: organic coating '( containing phosphor) 
6: interlayer insulator film 
7: source and drain electrodes 
8: impurity doped region 
Excimer laser annealing 

[FIG. 2] . 

1: light-transmissive substrate 

2A: polycrystalline silicon 

3:" insulator film (gate insulator film) 

4: gate electrode 

5: organic coating (containing phosphor) 
7: source and drain electrodes 
8: impurity doped region 
Excimer laser annealing 

[FIG. 3] 

1: light-transmissive substrate 
2A: polycrystalline silicon 



14 



3: insulator film (gate insulator 

4 : gate electrode 

6: interlayer insulator film 

7 : source and drain electrodes 

8 : impurity doped region 

Implanting p-ion 
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